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Abstract
Background: screening for cognitive impairment in Emergency Department (ED) requires short, reliable tools.
Objective: to validate the 4AT and 6-Item Cognitive Impairment Test (6-CIT) for ED dementia and delirium screening.
Design: diagnostic accuracy study.
Setting/subjects: attendees aged ≥70 years in a tertiary care hospital’s ED.
Methods: trained researchers assessed participants using the Standardised Mini Mental State Examination, Delirium Rating
Scale-Revised 98 and Informant Questionnaire on Cognitive Decline in the Elderly, informing ultimate expert diagnosis
using Diagnostic and Statistical Manual of Mental Disorders (DSM-V) criteria for dementia and delirium (reference stan-
dards). Another researcher blindly screened each participant, within 3 h, using index tests 4AT and 6-CIT.
Result: of 419 participants (median age 77 years), 15.2% had delirium and 21.5% had dementia. For delirium detection,
4AT had positive predictive value (PPV) 0.68 (95% conﬁdence intervals: 0.58–0.79) and negative predictive value (NPV)
0.99 (0.97–1.00). At a pre-speciﬁed 9/10 cut-off (9 is normal), 6-CIT had PPV 0.35 (0.27–0.44) and NPV 0.98 (0.95–0.99).
Importantly, 52% of participants had no family present. A novel algorithm for scoring 4AT item 4 where collateral history
is unavailable (score 4 if items 2–3 score ≥1; score 0 if items 1–3 score is 0) proved reliable; PPV 0.65 (0.54–0.76) and
NPV 0.99 (0.97–1.00). For dementia detection, 4AT had PPV 0.39 (0.32–0.46) and NPV 0.94 (0.89–0.96); 6-CIT had PPV
0.46 (0.37–0.55) and NPV 0.94 (0.90–0.97).
Conclusion: 6-CIT and 4AT accurately exclude delirium and dementia in older ED attendees. 6-CIT does not require col-
lateral history but has lower PPV for delirium.
Keywords: screening, dementia, delirium, emergency department, older people
Introduction
It is reported that 20–30% of older hospitalised patients
have dementia, often undiagnosed, and frequently with
superimposed delirium [1, 2]. Delirium is associated with
longer hospital stays, increased morbidity and mortality, and
higher discharge rate to long-term care [3, 4], but is unrec-
ognised in acute settings in up to 76% of cases [3]. Of
concern, missed delirium in the Emergency Department
(ED) is associated with high risk of adverse outcomes [5].
The importance of cognitive assessment of older people
in ED is recognised [6]. Some countries use ﬁnancial incen-
tives to encourage cognitive screening at the point of hos-
pital admission. Validated, short cognitive screening tools
could allow ED staff to identify older attendees with cogni-
tive vulnerability, triggering appropriate care pathways and
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urgent assessment of those with possible delirium. A single
tool to reliably identify possible delirium and dementia would
be ideal. However, illness acuity in ED hinders cognitive
assessment [4, 7, 8] and tool performance may be subopti-
mal here [9, 10]. Our study therefore aimed to assess the
diagnostic accuracy of two candidate tools, 4AT and 6-Item
Cognitive Impairment Test (6-CIT), for dementia and delir-
ium detection in ED.
Methods
This study adheres to reporting standards for studies of
diagnostic test accuracy in dementia (STARDdem [11]).
Setting/participants
We recruited a prospective, non-consecutive sample of
adults ≥70 years, attending ED in a medium-sized, tertiary
care hospital in Cork, Ireland (90 ED attendees per day; 14
per day ≥70 years). Researchers attended the ED Monday–
Friday, 8AM–6PM, monitoring the real-time electronic ED
database for potential participants. All ED attendees during
these times were eligible. Exclusion criteria were: refusal,
inability to consent and no family member to give assent,
being actively drunk, severe intellectual disability, requiring
medical isolation, poor English, medically unstable (resusci-
tation room or 1:1 nursing care) and prior study recruit-
ment. Written consent was obtained, supplemented by
proxy consent from nearest family member when patients
could not give informed consent but assented to cognitive
testing. Ethical approval was granted from the appropriate
research ethics committee (Clinical Research Ethics
Committee, University College Cork, Ireland).
Assessments
Our index tests were 4AT and 6-CIT. 4AT [12] is com-
monly used clinically, in the UK particularly, at point of
access to hospital. It has been endorsed in Ireland for delir-
ium screening in ED [13], but not yet validated in an ED
population. It screens for delirium and cognitive impair-
ment (CI), advantageously generating a score in ‘untestable’
patients. Item 1 assesses alertness, item 2 orientation
(AMT-4) and item 3 attention (reciting ‘months of the year
backwards’, MOTYB). Item 4 requires family or carer collat-
eral information. Scores 1–3 suggest CI; scores ≥4 suggest
delirium (i.e. deﬁned cut-off 3/4); ‘0’ (with collateral informa-
tion) indicates delirium or signiﬁcant CI are unlikely [14].
6-CIT [15, 16] contains a logical memory item (5-item
address), two attention items (counting backwards 20–1,
and MOTYB) and three orientation questions (year, month,
time). It thus has obvious potential as a combined delir-
ium/ CI screening tool. 6-CIT can ‘quickly and reliably’
detect cognitive impairment in ED [8, 17]. It has been
shown to detect prevalent delirium and predict incident
delirium [18, 19]. It takes approximately 2 min to complete
and, importantly, does not require collateral information.
Values range from 0 to 28; higher scores indicate greater CI
[16]. We used a 9/10 cut-off for dementia screening in this
study, based on reported studies [15, 17, 20, 21].
Our reference standard was expert (geriatrician with special
interest in delirium/dementia) delirium and dementia diagnosis
using Diagnostic and Statistical Manual of Mental Disorders
(DSM-V) criteria, using researcher-collected Standardised Mini
Mental State Examination (SMMSE), Delirium Rating Scale-
Revised 98 (DRS-R98) and Informant Questionnaire on
Cognitive Decline in the Elderly (IQCODE) data, and demo-
graphic data, presenting complaint, and information from the
GP referral letter or hospital notes about dementia diagnosis.
The expert was blind to index test results.
SMMSE is a validated cognitive assessment tool.
Administration and scoring guidelines were followed [22].
DRS-R98 is a validated delirium assessment tool, with 13
severity and 3 diagnostic items (maximum score: 46) [23].
Following the tool creator’s guidance, a total score ≥ 18 repre-
sented delirium, 12–17 represented sub-syndromal delirium,
and 10–11 borderline sub-syndromal delirium.
Family members provided information on cognitive
decline over the preceding 10 years, using the IQCODE
tool, which rates cognitive changes from 1 (‘much
improved’) to 5 (‘much worse’) [24]. Scores are averaged
across the 16 items; scores ≥ 3.3 (community) to ≥3.8
(hospitalised, delirium) indicate possible dementia [25, 26].
Where collateral history was unavailable, to maximise usable
data, the following assumption was made: SMMSE scores
≥27/30 implied ‘no dementia’ (n = 26), as a previous
hospital-based study showed only 2% of older patients in
hospital scoring ≥27/30 have dementia [2].
The two researchers were rigorously trained in assess-
ments by the expert (S.T.), including simulated cases and dir-
ectly observed patient interactions. Difﬁcult-to-score items
were recorded in detail and the expert advised on scoring.
Procedure
One researcher assessed participants for dementia and delir-
ium using SMMSE and DRS-R98 (‘assessment’). Medical
notes were reviewed for demographics, presentation time,
existing dementia diagnosis and presentation route. The
second researcher blindly screened each participant, within
3 h, using 4AT and 6-CIT, performed in random order
(‘screening’). Assessment-screening order was also random.
IQCODE information was collected by either researcher,
after face-to-face cognitive testing was completed.
Analysis
Analyses were carried out in SPSS version 22 and MedCalc.
Demographic and prevalence data were analysed using
appropriate parametric or non-parametric tools. Diagnostic
accuracy was assessed using receiver operating characteristic
(ROC) curves, calculating Area Under the Curve (AUC),
and 2 × 2 cross-tabulations of expert diagnosis and index
tests to yield sensitivity, speciﬁcity, positive and negative
D. O’Sullivan et al.
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predictive values, with 95% conﬁdence intervals. As we
used a priori index test cut-offs, we did not correct for mul-
tiple analyses. Post hoc exploratory cut-offs are clearly iden-
tiﬁed as such.
Results
During the study period, June to November 2015, 706 old-
er patients presented to ED (Figure 1); 419 were recruited.
Patients were assessed within a median 1.8 h of presentation
(IQR = 7.7 h). Approximately half were female (50.8%);
median age was 77 years; 91.1% presented from home;
24.6% presented by ambulance. Just 5.6% (21/400) had a
dementia diagnosis documented in their referral letter or
hospital notes. The detailed assessment was carried out ﬁrst
in 49.4% of cases, with a median 15 min between assess-
ment and screening (range: 5 min to 2.8 h). All instruments
were completed in 330 cases. The following numbers were
attained for individual instruments: SMMSE (n = 405),
DRS-R98 (attempted n = 411; usable n = 388 cases (collat-
eral available)), 4 AT (attempted n = 415; 360 had collateral
available), 6-CIT (n = 405) and IQCODE (n = 351).
Missing direct patient testing data was due to refusal to con-
tinue (n = 6), medical status (n = 11) or discharge (n = 5).
Family were present for collateral history in only 201 cases
(48%). Follow-up telephone IQCODE data were missing (n
= 68) due to relatives not answering the telephone (n = 17),
incorrect number (n = 24) or patient refusal to allow con-
tact (n = 27). Of note, 18.8% of relatives were only contact-
able that evening or the following day, sometimes only after
repeated attempts.
Dementia status was determined in 381 cases (91%), of
whom 21.5% (n = 82) had dementia. Delirium status was
determined in 389 (93%), and 15.2% (n = 59) had delirium.
Of those with dementia, 49.4% had superimposed delirium;
72.2% of all delirium was superimposed on dementia.
Ambulance cases had signiﬁcantly more dementia (35.2%,
P < 0.001) and delirium (28.1%, P < 0.001). Of those aged
≥80, 28.4% had dementia (P < 0.01 compared to < 80
years), and 23.5% delirium (P < 0.001).
Dementia screening
4AT
4AT was performed in 415 patients, of whom expert
dementia diagnosis was available in 381 (Figure 1). The
AUC for dementia detection was 0.83. 4AT score was ‘0’ in
211 cases (50.8%); 13/200 with 4AT ‘0’ had dementia
(6.5%). 4AT score was 1–3 in 101 cases, of whom 22.8%
had dementia. Only 10% scoring ‘1’ had dementia, versus
15/23 scoring 2/3. Using a ‘sensitive’ 0/1 cut-off (0 = nor-
mal, ≥1 = dementia), sensitivity for dementia detection was
0.84 (95% conﬁdence interval: 0.74–0.91) and speciﬁcity
0.63 (0.57–0.69). A second cut-off of 1/2 was explored (i.e.
0 or 1 was normal, Table 1). This reduced the number
potentially requiring formal dementia or delirium assess-
ments from 50% to 30%, with PPV and NPV, at 0.61 and
0.92, respectively. Using a ‘speciﬁc’ 4/5 cut-off, PPV
improved (0.67) but NPV suffered (0.87) (Table 1).
6-CIT
For dementia screening, a pre-speciﬁed 6-CIT 9/10 cut-off
was used. In total, 405 patients completed assessments
(supplemental data), of whom 36.8% screened positive. Of
368 patients with 6-CIT data and expert diagnosis, 6-CIT
mis-categorised dementia in 22.8% of cases; 70 were incor-
rectly categorised as dementia, and 14 cases missed. Thus
6-CIT had sensitivity of 0.81 (0.70–0.89) and speciﬁcity of
0.76 (0.71–0.81). In this cohort, a slightly better cut-off for
dementia screening was 8/9 (Table 2).
To summarise, 6-CIT and 4AT perform similarly for
dementia screening in an older ED population, using opti-
mal cut-offs based on this data.
Delirium screening
4AT
4AT was commenced in 415 patients, but completed in only
360, despite exhaustive attempts to contact relatives, and
indicated possible delirium in 23.1% (83/360) (Figure 1). In
total, 350 patients had complete 4AT data plus expert delir-
ium diagnosis; of these, 68.4% screening positive had delir-
ium (i.e. 4AT≥4). The sensitivity was 0.93 (0.83–0.98) and
speciﬁcity was 0.91 (0.88–0.94). In the cohort with dementia
(n = 78), sensitivity and speciﬁcity remained strong (Table 1).
We also assessed accuracy where collateral history was
unavailable, using the following algorithm: if items 1–3
were normal and the patient had no hallucinations, delu-
sions or ﬂuctuations during assessment, or reported by ED
staff, then item 4 was scored ‘0’; if items 2–3 were abnormal
(total score 1–3), then item 4 was scored ‘4’ (to avoid missed
diagnosis). Using this algorithm (n = 415 now with usable
data), 4AT indicated possible delirium in 24.8% (103/415).
Of the 386 participants with expert diagnosis and algorithm-
aided 4AT data, 65.5% screening positive had delirium. The
sensitivity and speciﬁcity for delirium detection was
unaffected by the algorithm (Table 1). DRS-R98 scores in
discordant cases are presented as Supplementary data.
6-CIT
6-CIT showed good diagnostic accuracy for delirium detection
(n = 405 with complete data; 378 of these had expert diagno-
sis). Using the same pre-speciﬁed cut-off of 9/10 as for
dementia diagnosis, 133/378 (35.2%) screened positive for
delirium and 35.3% of these had delirium. 6-CIT sensitivity
was 0.89 (0.77–0.96) and speciﬁcity 0.74 (0.68–0.78) (Table 2).
However, the optimal cut-off for delirium detection was 13/14
(Table 1), with NPV 0.97 and PPV 0.51. DRS-R98 scores in
discordant cases are presented as Supplementary data.
To summarise, 4AT effectively rules out delirium (NPV
0.99). In the 23% of older people who screen positive and
require formal assessment, almost 70% have delirium, sup-
porting its use in delirium screening. 6-CIT also performs
Validation of the 6-Item Cognitive Impairment Test and 4AT test
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well in delirium screening, again effectively ruling out delir-
ium at a range of cut-offs (NPV 0.97). Using the optimal
cut-off of 13/14, 22.8% screen positive; of these, just over
50% have delirium.
Discussion
Our study demonstrates that dementia and delirium are
prevalent in older people presenting to ED, at 21.5 and
15%, respectively. Similar to our previous ﬁnding in 606
hospitalised older people across six regionally clustered hos-
pitals [1], approximately half of older people in ED with
dementia have delirium, and most delirium is superimposed
on dementia [1]. Other studies report similar dementia-
delirium dependencies. Thus, delirium screening tools have
to perform well in people with dementia.
We found that 4AT scores of 0 or 1 effectively ‘rule out’
dementia; only 30% of 4AT-screened older ED attendees
Eligible parcipants: n = 623
Recruited parcipants
n = 419
Excluded n = 204:
(Missing data n = 5; Too unwell n = 24; Medical
isolaon n = 16; Alcohol toxicity n = 1; Intellectual
disability n = 2; Early discharge/transfer n = 100;
Refusal n = 51; Non-English speaking n = 5)
4AT
n = 415
No 4AT test: n = 4
(Discharged n = 2
Refusal n = 2)
4AT posive
n = 204
4AT negave
n = 211
Expert diagnosis
n = 200
Expert diagnosis
n = 178
No expert
diagnosis
n = 11
Demena
n =13
Demena
n = 69
No expert
diagnosis
n = 26
Demena
4AT inconclusive
n = 55
4AT
n = 415
4AT negave
n =277
4AT posive
n =83
No Expert
Diagnosis
n = 6
Expert
Diagnosis
n= 271
Expert
Diagnosis
n = 79
No Expert
Diagnosis
n = 4
No Demena
n = 187
No Demena
n =109
Re-presented to ED
(already in study): n = 83
Older ED aendees: n = 706
Delirium
No Expert
Diagnosis
n = 19
Delirium
n = 54
No delirium
n = 25
No delirium
n = 267
Delirium
n = 4
Expert
Diagnosis
n = 36
Delirium
n = 1
No Delirium
n = 35
Figure 1. 4AT (index test) compared to expert diagnosis (reference standard).
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require further cognitive assessment, mainly for suspected
delirium (7.5% screened positive for CI). Reducing the cut-
off to 0/1 improves sensitivity, but increases the workload
(50% now require further testing) and reduces the PPV.
The beneﬁt of higher detection rates may be attenuated if
clinical staff ﬁnd it onerous to perform additional assess-
ments for little perceived gain. 4AT has little prior investi-
gation for CI screening, despite clinical use across diverse
settings. In 111 acute stroke patients, sensitivity and speciﬁ-
city were 0.86 and 0.78 respectively, compared to a
Montreal Cognitive Assessment score < 27/30 [27]. We
found that 6-CIT with cut-off 8/9 or 9/10 can also exclude
dementia (NPV 0.95 and 0.94, respectively) but PPV is low.
A 13/14 cut-off seems better in clinical practice to reduce
unnecessary workload from formal assessment of false
negative cases. This cut-off has equal accuracy to 4AT
(both PPV 0.61, NPV 0.92).
Our results support the clinical use of 4AT to quickly
and accurately detect delirium (PPV 0.68; NPV 0.99). Our
results reﬂect the stroke patient study, where 4AT demon-
strated excellent diagnostic accuracy (Confusion Assessment
Method (CAM) used as reference standard for delirium diagno-
sis), PPV 0.43, NPV 1.0 [27]. In a mixed acute and rehabilita-
tion older hospital population (n = 234), using DSM-IV-TR
criteria (incorporating CAM data), 4AT’s sensitivity was 0.89
and speciﬁcity 0.84; AUC 0.92 [14]. More recent studies report
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Table 1. 4-AT diagnostic accuracy for dementia and delirium detection
Cut-off Sensitivity (conﬁdence
intervals)
Speciﬁcity (conﬁdence
intervals)
PPV (conﬁdence
intervals)
NPV (conﬁdence
intervals)
4AT dementia detection (n = 415)
0/1 0.84 (0.74–0.91) 0.63 (0.57–0.69) 0.39 (0.32–0.46) 0.94 (0.89–0.96)
1/2 0.74 (0.64–0.83) 0.87 (0.82–0.90) 0.61 (0.51–0.71) 0.92 (0.87–0.95)
4/5 0.52 (0.41–0.64) 0.93 (0.89–0.96) 0.67 (0.54–0.78) 0.87 (0.83–0.91)
4AT delirium detection (cut-off 3/4; n = 415 but item 4 (collateral) missing in 55 cases)
4AT: only cases with collateral history (n =
350)
0.93 (0.83–0.98) 0.91 (0.88–0.94) 0.68 (0.57–0.78) 0.99 (0.96–1.00)
4AT cases with collateral: dementia cohort (n
= 78)
0.92 (0.79–0.98) 0.79 (0.64–0.91) 0.82 (0.67–0.92) 0.91 (0.76–0.98)
4AT using algorithm* for missing collateral (n
= 378)
0.93 (0.84–0.98) 0.91 (0.88–0.94) 0.65 (0.54–0.76) 0.99 (0.97–1.00)
*Algorithm:
a) If 4AT items 1–3 are all scored as 0, and there are no documented or observed hallucinations, ﬂuctuations, etc., during assessment, then item 4 is scored as 0.
b) If 4AT items 2–3 are ≥1, item 4 is scored as 4 (item 1 if abnormal is scored as 4, which is above the threshold for screening positive for delirium).
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Table 2. 6-CIT diagnostic accuracy for dementia and delirium detection at various cut-offs
6-CIT cut-off Sensitivity (conﬁdence intervals) Speciﬁcity (conﬁdence intervals) PPV (conﬁdence intervals) NPV (conﬁdence intervals)
6-CIT dementia detection (n = 368)
3/4 0.93 (0.85–0.98) 0.39 (0.34–0.45) 0.28 (0.22–0.34) 0.96 (0.91–0.99)
4/5 0.88 (0.78–0.94) 0.55 (0.49–0.61) 0.33 (0.26–0.40) 0.95 (0.90–0.98
5/6 0.87 (0.78–0.94) 0.56 (0.50–0.62) 0.35 (0.27–0.41) 0.95 (0.90–0.98)
6/7 0.86 (0.77–0.93) 0.67 (0.61–0.72) 0.40 (0.32–0.48) 0.95 (0.91–0.98)
7/8 0.86 (0.77–0.93) 0.67 (0.62–0.73) 0.40 (0.32–0.48) 0.95 (0.91–0.98)
8/9a 0.84 (0.73–0.91) 0.76 (0.71–0.81) 0.47 (0.38–0.55) 0.95 (0.91–0.97)
9/10b 0.81 (0.70–0.89) 0.76 (0.71–0.81) 0.46 (0.37–0.55) 0.94 (0.90–0.97)
10/11 0.77 (0.66–0.86) 0.82 (0.77–0.86) 0.52 (0.42–0.61) 0.93 (0.90–0.96)
11/12 0.73 (0.61–0.83 0.83 (0.79–0.87) 0.52 (0.42–0.62) 0.92 (0.89–0.95)
12/13 0.69 (0.57–0.79) 0.81 (0.75–0.87) 0.59 (0.50–0.66) 0.87 (0.83–0.91)
13/14 0.68 (0.56–0.78) 0.89 (0.85–0.92) 0.61 (0.52–0.69) 0.92 (0.87–0.94)
6CIT delirium detection (n = 378)
7/8 0.94 (0.84–0.99) 0.64 (0.59–0.69) 0.30 (0.23–0.38) 0.99 (0.96–1.00)
8/9 0.91 (0.79–0.97) 0.73 (0.67–0.77) 0.35 (0.27–0.44) 0.98 (0.95–0.99)
9/10b 0.89 (0.77–0.96) 0.74 (0.68–0.78) 0.35 (0.27–0.44) 0.98 (0.95–0.99)
10/11 0.87 (0.75–0.95) 0.79 (0.74–0.83) 0.40 (0.31–0.50) 0.97 (0.95–0.99)
11/12 0.85 (0.72–0.93) 0.81 (0.77–0.85) 0.42 (0.33–0.52) 0.97 (0.94–0.99)
12/13 0.83 (0.70–0.92) 0.86 (0.81–0.89) 0.48 (0.38–0.59) 0.97 (0.94–0.99)
13/14a 0.83 (0.70–0.92) 0.87 (0.83–0.91) 0.51 (0.40–0.62) 0.97 (0.94–0.99)
14/15 0.74 (0.60–0.85) 0.90 (0.86–0.93) 0.53 (0.41–0.65) 0.95 (0.92–0.98)
aPost hoc optimal cut-off for dementia and delirium.
bPre-speciﬁed cut-off for dementia and delirium.
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4AT sensitivity as 0.87 [28] and speciﬁcity 0.69–0.8 [29] in geri-
atric and orthopaedic populations. Dementia adversely affects
4AT accuracy, in our study and others [14, 28].
We explored 6-CIT accuracy for delirium detection, ini-
tially using 9/10 cut-off, as for dementia screening, leading
to 92/378 miscategorised cases. Many ‘false positive’ cases
had borderline or deﬁnite subsyndromal delirium, indicat-
ing 6-CIT may not discriminate between syndromal and
sub-syndromal delirium. However, patients with sub-syndromal
delirium are at high risk of developing delirium. In a separate
cohort of 191 older medical in-patients, we found that a 6-CIT
8/9 cut-off on admission had NPV 91.2%, and PPV 59.2%
for prevalent delirium [18]. Admission 6-CIT score predicted
incident delirium [19], while 6-CIT remained stable in a study
subset of 20 non-delirious in-patients, assessed twice daily for 1
week [30], suggesting a potential role for 6-CIT in repeated
cognitive testing during hospitalisation, where altered 6-CIT
score suggests delirium onset.
As 6-CIT has not previously been studied in delirium
assessment outside our group, we explored several cut-offs
in our ED population. 6-CIT performed best at a 13/14
cut-off, effectively ruling out delirium (NPV 0.97); in the
24% screening positive, only 50% had delirium. This is
inferior to 4AT accuracy for delirium. Thus 4AT out-
performs 6-CIT for delirium screening, if properly used (i.e.
collateral history is sought and available). In a recent Italian
study, 6-CIT items suggestive of delirium were highly corre-
lated with in-hospital mortality (P < 0.0001) among acute
medical/surgical in-patients (n = 2521)[14]. 6-CIT accuracy
for delirium detection was not evaluated. We recommend
further studies establish 6-CIT cut-offs for delirium.
In this study, measures to reduce bias included blinding of
the second researcher and expert, random order of assess-
ment versus screening tests, and performance in rapid succes-
sion, limiting the effect of ﬂuctuations. The large sample size
generated tight conﬁdence intervals for tool performance
measures. Importantly, this study used expert diagnosis,
superior to using another cognitive test as reference standard,
although this relied on cognitive and collateral informant data
collected by highly trained researchers. This study did not
explore tool accuracy for detecting MCI, which is common in
hospitalised older patients, including those with delirium [25].
There are challenges to screening for cognitive problems
when patients are acutely unwell, worried or anxious. The
ED environment presents particular issues such as a lack of
privacy and noise, potentially affecting cognitive test per-
formance. Nevertheless, detecting CI is important to initiate
timely treatment plans, including enhanced delirium preven-
tion measures. Most importantly, cognitive assessment is vital
to detect prevalent delirium. We present here important
accuracy data on cognitive screening in ED, including a
potential 4AT algorithm for use when collateral history is
unavailable. Future research needs to explore accuracy when
ED staff perform the cognitive screening, particularly explor-
ing the effect of unavailable collateral on 4AT accuracy.
Key points
• Dementia and delirium are common in older people
attending Emergency Departments (ED), and are fre-
quently co-morbid.
• 4AT and 6-Item Cognitive Impairment Test (6-CIT) can
both accurately exclude delirium, but 6-CIT generates
more false-positives.
• A novel algorithm for scoring 4AT in the absence of col-
lateral history (a potential problem with 4AT) performed
well in this emergency department (ED).
• 4AT and 6-Item Cognitive Impairment Test (6-CIT)
exclude dementia accurately in an older Emergency
Department (ED) population; ‘resource efﬁcient’ cut-offs
are 1/2, and 13/14.
Supplementary data
Supplementary data mentioned in the text are available to
subscribers in Age and Ageing online.
Conﬂict of interest
None.
Funding
None.
References
1. Timmons S, Manning E, Barrett A, Brady NM, Browne V,
O’Shea E et al. Dementia in older people admitted to hos-
pital: a regional multi-hospital observational study of preva-
lence, associations and case recognition. Age Ageing 2015;
44: 993–9.
2. Travers C, Byrne G, Pachana N, Klein K, Gray L.
Prospective observational study of dementia and delirium in
the acute hospital setting. Intern Med J 2013; 43: 262–9.
3. Han JH, Zimmerman EE, Cutler N, Schnelle J, Morandi A,
Dittus RS et al. Delirium in older emergency department
patients: recognition, risk factors, and psychomotor subtypes.
Acad Emerg Med 2009; 16: 193–200.
4. Delaney M, Pepin J, Somes J. Emergency department delir-
ium screening improves care and reduces revisits for the old-
er adult patient. J Emerg Nursing 2015; 41: 521–4.
5. Kakuma R, Du Fort GG, Arsenault L, Perrault A, Platt RW,
Monette J et al. Delirium in older emergency department
patients discharged home: effect on survival. J Am Geriatr
Soc 2003; 51: 443–50.
6. Terrell KM, Hustey FM, Hwang U, Gerson LW, Wenger NS,
Miller DK et al. Quality indicators for geriatric emergency
care. Acad Emerg Med 2009; 16: 441–9.
D. O’Sullivan et al.
6
Downloaded from https://academic.oup.com/ageing/article-abstract/doi/10.1093/ageing/afx149/4101644/Validation-of-the-6-Item-Cognitive-Impairment-Test
by University College Cork user
on 10 October 2017
7. Clevenger CK, Chu TA, Yang Z, Hepburn KW. Clinical care
of persons with dementia in the emergency department: a
review of the literature and agenda for research. J Am
Geriatr Soc 2012; 60: 1742–8.
8. Carpenter CR. Evidence-based emergency medicine/rational
clinical examination abstract. Does this patient have demen-
tia? Ann Emerg Med 2008; 52: 554–6.
9. Wilber ST, Lofgren SD, Mager TG, Blanda M, Gerson LW.
An evaluation of two screening tools for cognitive impair-
ment in older emergency department patients. Acad Emerg
Med 2005; 12: 612–6.
10. Carpenter CR, Bassett ER, Fischer GM, Shirshekan J, Galvin
JE, Morris JC. Four sensitive screening tools to detect cogni-
tive dysfunction in geriatric emergency department patients:
brief Alzheimer’s screen, short blessed test, Ottawa 3DY, and
the caregiver-completed AD8. Acad Emerg Med 2011; 18:
374–84.
11. Noel-Storr AH, Richard E, Ritchie CW, Flicker L, Cullum SJ,
Davis D et al. Reporting standards for studies of diagnostic
test accuracy in dementia: The STARDdem Initiative.
Neurology 2014; 83: 364–73.
12. Bellelli G, Nobili A, Davis DH, Mazzola P, Turco R, Gentile
S et al. Validation of the 4AT, a new instrument for rapid
delirium screening: a study in 234 hospitalised older people.
Age Ageing 2014; 43: 496–502.
13. Irish Association for Emergency Medicine webpage.
Available from: http://www.iaem.ie/wp-content/uploads/
2013/08/Delirium-ED-AMAU-Pathway-July2016-Final-Print-
copy.pdf (26 June 2017, date last accessed).
14. Bellelli G, Nobili A, Annoni G, Morandi A, Djade CD,
Meagher DJ et al. Under-detection of delirium and impact of
neurocognitive deﬁcits on in-hospital mortality among acute
geriatric and medical wards. Eur J Intern Med 2015; 26:
696–704.
15. Katzman R, Fuld P, Peck A, Schechter R, Schimmel H.
Validation of a short Orientation-Memory-Concentration
Test of cognitive impairment. Am J Psychiatry 1983; 140:
734–9.
16. Brooke P, Bullock R. Validation of a 6 item cognitive impair-
ment test with a view to primary care usage. Int J Geriatr
Psychiatry 1999; 14: 936–40.
17. O’Sullivan D, O’Regan NA, Timmons S. Validity and reliabil-
ity of the 6-item cognitive impairment test for screening cog-
nitive impairment: a review. Dement Geriatr Cogn Disord
2016; 42: 42–9.
18. O’Regan NA, Liddy N, Fitzgerald J, Adamis D, Molloy DW,
Meagher D et al. Five short screening tests in the detection of
prevalent delirium: diagnostic accuracy and performance in
different neurocognitive subgroups. Int J Geriatr Psychiatry
2016. doi:10.1002/gps.4633; In press.
19. O’Regan N. Early Detection of Delirium in Older Medical
Inpatients: Prodrome, Predictors and Motor Subtyping.
Doctoral thesis submitted to UCC, 2016. (https://cora.ucc.
ie/handle/10468/2734).
20. Adelman AM, Daly MP. Initial evaluation of the patient with
suspected dementia. Am Fam Physician 2005; 71: 1745–50.
21. Upadhyaya A, Rajagopal M, Gale T. The six item cognitive
impairment test (6-CIT) as a screening test for dementia:
comparison with mini-mental state examination (MMSE).
Cur Aging Sci 2010; 3: 138–42.
22. Molloy D, Standish T. A guide to the standardized Mini-
Mental State Examination. Int Psychogeriat 1997; 9: 87–94.
23. Trzepacz PT, Mittal D, Torres R, Kanary K, Norton J,
Jimerson N. Validation of the Delirium Rating Scale-revised-
98. J Neuropsychiatry Clin Neurosci 2001; 13: 229–42.
24. Jorm AF. A short form of the Informant Questionnaire on
Cognitive Decline in the Elderly (IQCODE): development
and cross-validation. Psychol Med 1994; 24: 145–53.
25. Jackson TA, MacLullich AM, Gladman JR, Lord JM,
Sheehan B. Diagnostic test accuracy of informant-based tools
to diagnose dementia in older hospital patients with delirium:
a prospective cohort study. Age Ageing 2016; 45: 505–11.
26. Quinn TJ, Fearon P, Noel-Storr AH, Young C, McShane R,
Stott DJ. Informant Questionnaire on Cognitive Decline in
the Elderly (IQCODE) for the diagnosis of dementia within
community dwelling populations. Cochrane Database Syst Rev
2014; CD010079. DOI:10.1002/14651858.CD010079.pub2.
27. Lees R, Corbet S, Johnston C, Mofﬁtt E, Shaw G, Quinn TJ.
Test accuracy of short screening tests for diagnosis of delir-
ium or cognitive impairment in an acute stroke unit setting.
Stroke 2013; 44: 3078–83.
28. De J, Wand A, Smerdely P, Hunt G. Validating the 4 A’s test
in screening for delirium in a culturally diverse geriatric
inpatient population. Int J Geriatr Psychiatry 2016. DOI:10.
1002/gps.4615.
29. Hendry K, Quinn T, Evans J, Scortichini V, Miller H, Burns
J et al. Evaluation of delirium screening tools in geriatric med-
ical inpatients: a diagnostic test accuracy study. Age Ageing
2016; 45: 832–7.
30. Liddy N, O’Regan N, Buckley M, Uppal M, Fitzgerald J,
Meagher D et al, eds. Which short cognitive test might be
suitable for serial testing to detect delirium in hospitalised
older people? In: Irish Journal of Medical Science. England:
Springer Lonndon Ltd, 2013.
Received 22 March 2017; editorial decision 25 July 2017
Validation of the 6-Item Cognitive Impairment Test and 4AT test
7
Downloaded from https://academic.oup.com/ageing/article-abstract/doi/10.1093/ageing/afx149/4101644/Validation-of-the-6-Item-Cognitive-Impairment-Test
by University College Cork user
on 10 October 2017
